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Adults over the age of 18 years with thalassemia major with repeated blood transfusion suffer from high iron overload in several organs (mainly heart and liver) and endocrine glands.\[[@ref1][@ref2]\]

Variable prevalence of growth hormone deficiency (GHD) and/or insulin-like growth factor-I (IGF-I) deficiency, both in children and adults, are reported in different centers caring for thalassemic patients. Recent studies have demonstrated the necessity to evaluate adult patients affected by TM to establish the presence of GH-IGF-I alteration which could be relevant in the pathogenesis of bone disease and cardiac dysfunction frequently present in this haemoglobinopathy.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\]

Adult patients with TM have symptoms and signs that are indistinguishable from those of GHD. These include lack of positive wellbeing, depressed mood, feelings of social isolation, decreased energy and an overall poorer quality of life when compared with controls. Their bone mineral density (BMD) is also reduced, resulting in increase in bone fracture rate.\[[@ref8][@ref9][@ref10]\] The combined growth hormone releasing (GHRH) + arginine test is expensive and not available in many centres whereas, glucagon stimulation test requires 4 h for adequate sampling.\[[@ref11]\]

Although clonidine stimulation test is used frequently in children and proved to be easy, effective, safe and relatively cheap, it is seldom used in adults.\[[@ref12]\]

The relationships between bone density and several clinical characteristics or hematological markers have been described and many factors contributing to demineralization have been identified; among them endocrine complications including GH and IGF-I deficiency seem to play an important role.\[[@ref13][@ref14]\]

The aim of this study was to evaluate GH response to clonidine and measure serum IGF-I concentrations in relation to auxological and bone mineral density in 30 polytransfused adult patients with thalassemia major (TM).

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Thirty (18 males and 12 females, mean age of 31.5 ± 7.2 years) randomly selected euthyroid patients with beta thalassemia with full pubertal development and normal glucose tolerance were studied. They were regularly transfused, since early childhood and underwent chelation therapy using desferrioxamine which was replaced by deferasirox for the last 4 to 5 years with moderate compliance to oral chelation in most of the patients (22 patients had ferritin level \>1500 and \<2500 ng/ml).

BMD of lumbar spine and right femoral neck were measured by dual-energy X-ray absorptiometry (DEXA) scan using a calibrated dual energy X-ray absorption method. Osteoporosis as per WHO criteria (T score of less than -1.0 being defined as osteopenic and a T score of less than -2.5 being referred as osteoporotic). All patients were evaluated biochemically by checking their serum calcium, phosphorus, bone-specific-alkaline phosphatase (ALP) and type 1 Collagen Carboxy Telopeptide (CCT1), using enzyme-linked immunosorbent assay (ELISA). All patients had normal thyroid function and none of the patients had hypoparathyroidism or adrenal insufficiency. None of the patients had history of fracture. All patients with delayed puberty (5 males and 3 females) were on sex steroid therapy. All patients were taking vitamin D3 800 U/day orally for the past 3 years. None of the patients was receiving calcium. All patients were vaccinated against hepatitis B virus and all were negative for hepatitis screening (HVB and HVC). Growth hormone (GH) secretion was investigated using standard clonidine provocation test. Their circulating insulin-like growth factors (IGF) and liver enzymes (alanine transferase (ALT) and aspartate transferase (AST)) concentrations were measured. The mean serum ferritin concentrations in the previous 5 years was calculated and recorded.

At the time of the study their serum ferritin levels were 2488 ± 1557 ng/ml and Hb levels were 10.7 ± 1.2 g/dl. Hepatic enzymes ALT and AST were within the normal range (49 ± 15 IU and 47 ± 21 IU respectively).

GH concentrations were measured by immunoradiometric assay (IRMA) using commercially available kits. The sensitivity of the assay was 0.2 mg/L. The intra- and interassay coefficients of variation (CVs) were 4.5% and 7.9%, respectively. The cut-off level for GH response was set at 7 microgram/l, according to the literature. Plasma IGF-I was measured by IRMA after ethanol extraction using an ultrasensitive chemi-luminescence assay (sensitivity 0.002 microgram/l). The inter-assay CVs were 8.2%, 1.5% and 3.7% for low, medium and high points of the standard curve. IGF-I levels were transformed to age-dependent IGF-I SDS according to Brabant *et al*.\[[@ref15]\] Type 1 Collagen Carboxy Telopeptide (CCT1) was analyzed by a radioimmunoassay (RIA) with polyclonal rabbit antibodies specific for human ICTP. Intra-assay and interassay variations were less than 6% and 7%, respectively.

Normative data for serum IGF-I were obtained from 50 subjects aged 20-40 years. Bone mineral density was measured using dual-energy X-ray absorptiometry. This control group was age, sex and BMI-matched \[[Table 1](#T1){ref-type="table"}\]. Informed consents have been obtained from all patients and controls and the Ethical Committee of Hamad Medical Center (HMC) approved the study.

###### 

Clinical and clinical and biochemical data of patients and controls
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Regression analysis was performed to correlate GH peak after clonidine, IGF-I and serum ferritin concentrations with bone mineral density T- score at the lumbar spine and femoral neck. Student t test was used to compare variables between the groups when data were normally distributed and Wilcoxon test when the data were not normally distributed. Data are reported as the mean +/- SD. The limit of significance was set at 5%.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The auxological and biochemical data of the 30 adults with TM compared to 50 normal age-matched adults are presented in [Table 1](#T1){ref-type="table"}. Patients with TM were significantly shorter (HtSDS=-2.05+/- 0.4) than controls (HtSDS=-0.4+/- 0.3)) with markedly lower IGF-I and higher Type 1 collagen telopeptide concentrations compared to age matched controls (173+/- 65 ng/ml versus 339+/- 102 ng/ml and 1798+/- 562 pg/mL versus 408+/- 207 pg/mL respectively).

We diagnosed GH deficiency (GHD) in 12 adult patients with TM (40%). No side effects were noted in any patient after clonidine apart from mild drowsiness or sleepiness in 5 patients that disappeared after 4 to 6 h. None of the patients had significant hypotension. There were no significant differences between the GHD and GH sufficient (GHS) groups regarding the value of mean 5 year serum ferritin concentration and liver enzymes. The group affected by GHD were significantly shorter and had significantly lower IGF-I concentrations versus the GHS group. The BMD T score measured at the lumbar spine were significantly lower in the GHD group (*P* = 0.042) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison between GH deficient versus GH sufficient thalassemic patients
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IGF-I deficiency (IGF-I SDS \<-2) was diagnosed in 20 patients (67%), 12 of them had GHD. There were no significant differences between the IGF-I deficient and sufficient groups regarding the value of serum ferritin and liver enzymes. The IGF-I deficient group were significantly shorter and had lower peak GH concentrations versus the group with normal IGF-I level. The BMD T score measured at the lumbar spine were significantly lower in the GHD group (*P* = 0.029) and IGF-I deficient (*P* = 0.042) groups versus those with normal GH and IGF-I secretion \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. Lumbar and femur neck osteoporosis was demonstrated in all patients (males and females) with and without GH-IGF-I abnormalities (BMD \<-2.5 SD).

###### 

Comparison between IGF-I deficient and sufficient thalassemic patients
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HtSDS was significantly correlated with IGF-I concentration \[[Figure 1](#F1){ref-type="fig"}\]. There was a significant correlation between IGF-I SDS and GH peak concentrations (*P* = 0.0001). Lumbar T-score values were significantly correlated with peak GH concentrations (r = 0.26, *P* = 0.023) \[[Figure 2](#F2){ref-type="fig"}\]. Femoral and lumbar T-score vales were not correlated significantly with the IGF-I SDS \[[Table 4](#T4){ref-type="table"}\]. No significant correlation was detected between serum ferritin concentrations and GH peak, IGF-1 or T- score in the whole group of patients. The average hemoglobin concentrations (before and after transfusion) for the last 5 years did not correlate with the lumbar and femoral BMI T scores (r = 0.02), or IGF-I SDS (r = 0.043).

![Regression of HtSDS on IGF-I Concentrations in adults with thalassemia](IJEM-18-32-g004){#F1}
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###### 

Correlations between variable in adult thalassemic patients
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In this study, the prevalence of GHD (40%) and IGF-I deficiency (67%) in 30 adults with TM was high. Similar high prevalence of GH deficiency was reported by others.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] Peak GH to provocation by clonidine correlated well with IGF-I concentrations and therefore seems to be effective. The absence of significant side-effects in 30 adults with TM suggests its safe use in adults.

Osteopenia, reduced lean mass, altered cardiac structure, unfavorable glucose metabolism, reduced exercise capacity and reduced quality of life are reported in adults with GHD as well as those with TM.\[[@ref16][@ref17][@ref18][@ref19]\]

Growth hormone deficiency (GHD) in adults with TM can explain in part the low IGF-I synthesis. Our thalassemic patients with GHD had significantly lower IGF-I concentrations versus those with normal GH secretion. Soliman *et al*.,\[[@ref20]\] showed that the IGF-I levels were significantly higher in thalassemic children with normal GH secretion versus those with GHD, after 12 years of age. However, in this study as well as in other cross-sectional studies, patients with TM at different ages who have normal GH secretion (GHS) still have high prevalence of low serum IGF-I.\[[@ref21][@ref22][@ref23]\] A longitudinal study in thalassemic children followed the age-related changes in serum IGF-I concentrations in thalassemic subjects (*n* = 21), compared to normal standards for age and sex, showed significantly lower IGF-I concentrations starting from early childhood to 18 years of age. Thalassemic children with GHD did not show any peak of IGF-I till 18 years of age, whereas those with normal GH secretion achieved markedly attenuated and late peak of IGF-I level versus normal males.\[[@ref21][@ref22][@ref23]\] IGF-I deficiency (IGF-I SDS \<-2) was diagnosed in 20 patients (67%), 12 of them had GHD and a significant correlation was detected between IGF-I SDS and GH peak concentrations. These findings suggest that GH secretory status remains a major regulator of IGF-I production in adult patients with major thalassaemia.

In thalassemic adults with normal GH secretion, the low basal level of IGF-I compared to normal controls, suggested either a state of decreased GH sensitivity (secondary to hepatic iron overload) and/or GH neuro-secretory dysfunction.\[[@ref20][@ref21][@ref22][@ref23]\]

Excessive iron deposition in the pituitary and liver appear to be the major etiology for GH and/or IGF-I deficiency. Single injection of iron nano particles in mice induced inflammation with significantly increased levels of pro-inflammatory cytokines (IL-1, TNF-alpha, and IL-6).\[[@ref24]\] Recent data demonstrated increased circulating levels of IL-1α, TNF-α and IL-6 in patients with BTM which may explain the gradual and progressive deterioration of organs including the pituitary (GH secretion) liver (IGF-I secretion) and growth plate in children with TM.\[[@ref25]\] An important mechanism for attenuation of GH signaling involves members of a family of cytokine-inducible genes identified by the acronym SOCS (suppressors of cytokine signaling). Available evidence indicates that the several SOCS family members can inhibit JAK- mediated.\[[@ref26]\] In support of the deleterious effect of iron toxicity on IGF-I secretion, serum ferritin was negatively correlated with IGF-I concentrations in children with TM.\[[@ref20][@ref21][@ref22]\] Our adult TM patients had prolonged (5 years or more) suboptimal level of iron chelation (ferrtin \>1500 ng/ml), even after use of oral chelation therapy, can explain their pituitary and hepatic iron overload. The presence of chronic intermittent anemia in these patients may significantly add to the cellular dysfunction in the pituitary and hepatic cells (GH-IGF-I secretion). In this study serum ferritin levels was not correlated with GH or IGF-I levels or BMD T. In support with our results, other studies scarce or total lack of correlation has been shown between serum ferritin and hepatic iron measured by MRI with many discrepancies recorded in several patients.\[[@ref27][@ref28]\]

Chronic hemolysis and chronic anemia (hypoxia) constitute a considerable stress to a thalassemic patient. Patho-physiological stress may lead to GH resistance through cytokine-mediated induction of SOCS family members.\[[@ref29]\] The association between increased circulating levels of pro-resorptive cytokines and an altered bone turnover in TM patients suggested their involvement in the pathogenesis of TM-osteoporosis.\[[@ref30]\] Studies using transgenic murine models have examined the systemic effects of cytokines on the GH/IGF-1 axis. High levels of circulating IL-6 reduced growth rate. The growth defect is completely abolished by neutralization of IL-6. In mice increased cytokines was associated with reduced circulating IGF-1 levels, while GH production remains unaltered.\[[@ref31][@ref32][@ref33][@ref34]\] This mirrors the observations in thalassemic patients with GHS,\[[@ref20][@ref21][@ref22][@ref23][@ref35]\] and goes with the finding that the effect on IGF-1 levels is not totally mediated *via* an effect on GH production.

Osteopenia and osteoporosis represent prominent causes of morbidity in patients of both genders with thalassaemia. All our eugonadal euthyroid thalassemic patients with normal glucose tolerance had osteoporosis detected at the lumbar spine and femoral neck. The presence of osteopenia and osteoporosis in well-treated thalassaemics has been described in different studies with high to very high prevalence.\[[@ref13][@ref14][@ref36]\] Bone remodeling is a spatially coordinated lifelong process whereby old bone is absorbed by osteoclasts and replaced by bone-forming osteoblasts. The catabolic effects of Receptor activator of nuclear factor-κB ligand (RANKL) are prevented by osteoprotegerin (OPG) that binds RANKL and thereby prevents activation of its single cognate receptor called RANK.

Important factors implicated in reduction of bone mass in TM include: Delayed sexual maturation, growth hormone (GH) and insulin growth factor-(IGF)-1 deficiency, parathyroid gland dysfunction, diabetes, hypothyroidism, ineffective hemopoiesis with progressive marrow expansion, direct iron toxicity on osteoblasts, as well as toxic effect of chelating therapy have been indicated as possible etiological factors.\[[@ref36][@ref37][@ref38]\] Our thalassemic patients had high prevalence of GH and IGF-I deficiency.

Reduced BMD has been widely reported in hypopituitary patients and patients with isolated GHD as well as those with congenital GH insensitivity were osteopenic compared to controls.\[[@ref39][@ref40][@ref41][@ref42][@ref43][@ref44]\] The pathogenesis of the reduced bone mineral content and density in patients with childhood onset GHD, including thalassemic patients with GHD, is probably the lack of attainment of bone mass during adolescence,\[[@ref20][@ref45][@ref46][@ref47]\] whereas in patients with adult-onset GHD it is less clear. Prolonged treatment with GH resulted in increased BMD.\[[@ref45][@ref46][@ref47][@ref48]\] With this study in addition with several previous reports, bone loss occurs preferentially in lumbar spine. This can be explained by the occurrence of accelerated hematopoiesis with progressive bone marrow expansion during the periods of anemia that affects trabecular bone to a greater extent than cortical bone.

In this study, both groups of thalassemic patients with and without GH-IGF-I deficiency had significant reduction of BMD at the femur neck and lumbar spine (T score \< 2.5). However; the BMD at the lumbar spine was significantly lower in patients with GH-IGF-I deficiency versus other patients. This indicated that GH-IGF-I play an important role in the multi-factorial etiology leading to osteopenia/osteoporosis in these patients. GH and IGF-I stimulate the production of OPG and its accumulation in the bone matrix. Alterations in the RANK/RANKL/OPG system in favor of osteoclasts are characteristic in thalassemia due to complicated not clearly delineated mechanisms including chronic anemia, iron toxicity and endocrine complications. Our thalassemic adults had significantly higher osteoclastic bone destruction as evidenced by significantly elevated CCT1 in their serum. The level of serum alkaline phosphatase levels, bone formation marker, did not differ compared to controls, this proposed that the etiology of decreased bone mineral density in these patients is due to increased bone resorption in the presence of attenuated anabolic action due to decreased IGF-I. Other studies in adults and children supported the anabolic effect of IGF-I on bones of thalassemic patients.\[[@ref9][@ref10][@ref29][@ref49][@ref51][@ref52]\]

The lack of correlation between the BMD T scores and age may be explained by the more prominent effects of other pathological factors (e.g., IGF-I deficiency and others) compared to the effect of aging in the the etiology of bone disease in these patients. In our patients, chelation therapy with desferrioxamine since early childhood before the introduction of oral iron chelators, may have contributed to their bone disease through inhibiting DNA synthesis, osteoblast and fibroblast proliferation, osteoblast precursor\'s differentiation, collagen formation and enhancing osteoblast apoptosis.

Limitations of the study {#sec2-1}
------------------------

We assessed the GH secretion after a single stimulation test. Pincelli *et al*.,\[[@ref6]\] have shown that GHD in TM patients can be overestimated if assessed by a single GH provocative test, suggesting that two dynamic tests should be performed as for non thalassaemic patients. In addition, the cardiac function in these TM patients with GHD was not fully evaluated.

In conclusion, this study confirms the necessity to screen the status of GH/IGF-I axis in adult patients with TM. Our thalassemic patients with GH and/or IGF-I deficiency were significantly shorter and had lower BMD at lumbar spine compared to those with normal GH-IGF-I axis. Clonidine test appears to be effective and safe in adults. Further studies are needed to evaluate the effect of GH therapy bone mineral density and heart function patients with TM and severe GHD.
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